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Water Treatment Process 
5 Kurita Water Ind Ltd 

[Claim 1] A water treatment process using together a means to deposit calcium 
carbonate, and a means to add an anticorroslve to this drainage system, in a water 

10 treatment process in an open circulating-cooling-water system. [Claim 2] A means by 
which a means to deposit calcium carbonate gives magnetism to a circulating cooling 
water with a permanent magnet or a solenoid coil type magnet, The water treatment 
process according to claim 1 which consists of any one chosen from a means to 
install a means and a ceramic ball which make a metal ion eluted in a circulating 

15 cooling water Into a circulating cooling water, or those combination. 

[Claim 3] The water treatment process according to claim 1 with which an 
anticorrosive consists of one chosen from an anticorroslve for copper, and an 
anticorroslve for iron, or those combination. 

20 

[Claim 4] The water treatment process according to claim 3 whose anticorrosive for 
copper is mercaptobenzothlazole, benzotriazol, or tollyltrlazole. 

[Claim 5] The water treatment process according to claim 3 whose anticorrosive for 
25 iron is amines, nitrite salt, molybdenum acid chloride, a tungstate, or chromate salt. 

[Detailed Description of the Invention] 

[0001] [Field of the Invention] This invention relates to a water treatment process. 
30 This invention relates to the water treatment process which can perform prevention of 
a scale and corrosion prevention effectively in an open circulating-cooling-water 
system in more detail. 

[0002] [Description of the Prior Art] In an open circulating-cooling-water system, with 
35 hydrologic cycle use, the salt concentration in a circulating cooling water increases, 
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scales, such as calcium carbonate, generate, and obstacles, such as inhibition of 
heat exchange, are caused. As art of preventing adhesion of the calcium carbonate 
scale to a heat exchanger, art, such as installation of the metal ion elution device by 
a method, dissimilar metal combination, etc. which give magnetism to a circulating 
s cooling water with a permanent magnet, a solenoid coil type magnet, etc., and a 
ceramic ball, is known. By such art, high concentration operation of a cooling water 
subsystem can be carried out. However, in the above-mentioned art, a deposit of 
calcium carbonate is accompanied by each and pH of a circulating cooling water 
falls. The corrosive ion of the chloride ion in a circulating cooling water, sulfate ion, 
10 etc. increases with high concentration operation. Metaled corrosion is promoted for 
these factors and the problem that lives, such as piping and a heat exchanger, 
become short for corrosion is produced. For this reason, while preventing generation 
of the calcium carbonate scale, the water treatment process which can also prevent 
metaled corrosion was searched for. 

15 

[0003] [Problem(s) to be Solved by the Invention] This invention is made in an open 
circulating-cooling-water system for the purpose of prpviding the water treatment 
process which can perform prevention of a scale and corrosion prevention effectively. 

20 [0004] [Means for Solving the Problem] In [ as a result of repeating research 
wholeheartedly that this invention persons should solve the above-mentioned 
technical problem ] an open circulating-cooling-water system, By using together with 
scale prevention art of a calcium carbonate precipitation type an anticorrosive which 
does not check a deposit of calcium carbonate, it finds out that both scale obstacles 

25 and corrosion obstacles within a drainage system can be prevented, and came to 
complete this invention based on this knowledge. Namely, in a water treatment 
process [ in / in this invention / (1) opening circulating-cooling-water system ] , A 
water treatment process using together a means to deposit calcium carbonate, and a 
means to add an anticorrosive to this drainage system, (2) A means by which a 

30 means to deposit calcium carbonate gives magnetism to a circulating cooling water 
with a permanent magnet or a solenoid coil type magnet, A water treatment process 
given in the 1st paragraph which consists of any one chosen from a means to install 
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a means and a ceramic ball which make a metal ion eluted in a circulating cooling 
water into a circulating cooling water, or those combination, (3) A water treatment 
process given in the 1st paragraph with which an anticorrosive consists of one 
chosen from an anticorrosive for copper, and an anticorrosive for iron, or those 

5 combination, (4) A water treatment process given in the 3rd paragraph a given 
anticorrosive for copper is mercaptobenzothiazole, benzotriazol, or tollyltriazole, And 
an anticorrosive for (5) iron provides a water treatment process given In the 3rd 
paragraph which is amines, nitrite salt, molybdenum acid chloride, a tungstate, or 
chromate salt. The sum total of concentration of an anticorrosive in (6) circulating 

10 cooling waters can mention a water treatment process given in the 1st paragraph 
which is 0.01 - 20 mg/L as a desirable mode of this Invention. 

[0005] [Embodiment of the Invention] In the water treatment process in an open 
circulating-cooling-water system, this invention is a water treatment process using 

IS together a means to deposit calcium carbonate, and a means to add an anticorrosive 
to this drainage system, this invention method can be applied especially suitably for 
the prevention from scaling and corrosion prevention in the open circulating-cooling- 
water system operated by a high concentration rate. In this invention method, there is 
no restriction in particular in a means to deposit calcium carbonate, For example, a 

20 means to give magnetism to a circulating cooling water with a permanent magnet or 
a solenoid coil type magnet, a means to make a metal ion eluted in a circulating 
cooling water, a means to install a ceramic ball into a circulating cooling water, etc. 
can be mentioned. One sort can be independently used for these means, or can also 
be used for them combining two or more sorts. There is no restriction in particular in 

25 the pemnanent magnet used for this invention method, for example, an AInico alloy, a 
barium ferrite, iron-neodymium boron, samarium cobalt, etc. can be mentioned. A 
permanent magnet is installed in piping so that the water containing scale 
components may cross a magnetic field right-angled and may flow through it. As for 
the rate of flow of water, it is preferred to choose the line size of a permanent magnet 

30 installed part suitably so that it may become in not less than 1.5 m/second. If a 
magnetic field is underwater formed with a permanent magnet and the flow of water 
cuts magnetic flux, about several milliamperes ion current occurs and the cluster of 
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water carries out minuteness making, and tlie scale which distributed undenA^ater 
scale components and it not only prevents adhesion, but already adhered can also 
be softened, and .it can exfoliate.Since it is used winding a coil around the outside of 
cooling water subsystem piping, the solenoid coil type magnet used for this invention 

s method can be installed without performing remodeling construction to the existing 
cooling water subsystem. There is no restriction in particular in the construction 
material of piping, for example, piping of copper, stainless steel, bronze, and a 
plastic, etc. can be mentioned. It is preferred to impress exchange to a solenoid coil, 
and to also modulate amplitude by computer control, while modulating frequency In 

10 2,000-7,000 Hz. Since the electric charge of the surface of the particles of the scale 
components which exist underwater by forming a magnetic field undenvater with a 
solenoid coil type magnet is raised, it opposes mutually and it suits, it condenses, 
does not become large particles and does not adhere to a wall surface as a scale. 
Although the conditions of a magnetic field of electrifying particles change with sizes 

15 of particles, they can raise the surface charge of all the particles by modulating the 
frequency and amplitude of current which are impressed to a solenoid coil. A means 
to make the metal ion used for this invention method eluted can immerse undennrater 
the electrode which consists of a metallic material In which Ionization tendencies 
differ, and can mention the method of short-circuiting them. It Is desirable to use the 

20 electrode which consists of carbon electrodes and a metallic material as a 
combination of these electrodes. As a metallic material In this case, polyvalent metal, 
such as aluminum. Iron, zinc, and copper, can be used. As other methods of making 
a metal ion eluted, it is also possible to dissolve metal salt underwater. Although it is 
not clear about the mechanism of action which a metal ion contributes to scale 

25 prevention, even if scale components deposit undenvater, it is thought that it has 
prevented adhering to the piping surface in a system. The compound porous ceramic 
ball etc. which sintered and magnetized the ceramics containing a paramagnetism 
compound and a diamagnetism compound as a ceramic ball used for this invention 
method, for example can be mentioned. There is no restriction In particular In the 

30 Installed position of a ceramic ball, for example, it can be immersed in the pit of a 
cooling tower. Since It has [ a ceramic ball ] electromagnetic wave motive ability, 
while generating oxygen ion and a negative metal ion. Minuteness making of the 
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cluster of water is carried out, the scale components originating in calcium, 
magnesium, etc. are distributed, and scale-ization is prevented, and the scale which 
has further already adhered can be made weak and it can exfoliate. 
[0006] There is no restriction in particular in the anticorrosive used for this invention 

5 method, and For example, chromate salt, A phosphoric acid salt, a silicate, borate 
salt, a benzoate, cinnamate, nitrite salt, Anode anticorrosives, such as a nitrate, 
copper(ll) salt, iron(lll) salt, molybdate, and a tungstate, Salts, such as zinc, 
magnesium, manganese, nickel, and calcium, Cathode anticorrosives, such as salts, 
such as a -poly phosphoric acid salt, arsenic, bismuth, antimony, and mercury, 

10 Volatility anticorrosives, such as precipitated type anticorrosives, such as adsorbed 
type anticorrosives, such as amines and a surface-active agent, 
mercaptobehzothiazole, benzotriazol, tollyltriazole, and phosphonate, and nitrous 
acid dicyclohexyl ammonium, etc. can be mentioned. One sort can be independently 
used for these anticorrosives, or can also be used for them combining two or more 

15 sorts. As for the anticorrosive to add, since the member which consists of copper and 
iron is used for an open circulating-cooling-water system in many cases, it is 
preferred that they are an anticorrosive for copper, an anticorrosive for iron or an 
anticorrosive for copper, and an anticorrosive for iron. There is no restriction in 
particular in the anticorrosive for copper to add, for example, mercaptobenzothiazole, 

20 benzotriazol, tollyltriazole, etc. can be mentioned. There is no restriction in particular 
in the anticorrosive for iron to add, for example, amines, nitrite salt, molybdenum acid 
chloride, a tungstate, chromate salt, etc. can be mentioned. In this invention method, 
although there is no restriction in particular in the addition of an anticorrosive, it is 
preferred that the sum total of the concentration of the added anticorrosive is 0.01 - 

25 20 mg/L, it is more preferred that it is 0.1 - 10 mg/L, and it is.still more preferred that 
it is 0.5 - 5 mg/L. According to this invention method, even if it is a case where high 
concentration operation of the open circulating-cooling-water system is carried out, 
metaled corrosion and scale buildup can be prevented effectively simultaneously, 
over a long period of time, it is stabilized and an open circulating-cooling-water 

30 system can be operated. 
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[0007] [Example] Although an example is given to below and this invention is 
explained to it still in detail, this invention is not limited at all by these examples. In 
the example and the comparative example, evaluation of an anticorrosive effect and 
a scaling preventive effect was performed using the cooling water subsystem which 
s has a heat exchanger of a pilot scale. The holding water quantity of the used cooling 
water subsystem is 300L. 

The heat transfer area provided with the tube of SUS304 whose an outer diameter is 
19 mm is provided with the heat exchanger of 0.32-m^. 

The Atsugi city water was used as makeup water, and concentration operation was 

10 performed for 30 days 10 times by making the flow of a circulating cooling water into 
1 ,680 l_/h. The heat exchanger inlet temperature of the circulating cooling water was 
kept at 30 **, and heat-exchanger-outlets temperature was kept at 50 **.a copper 
(C1220P) specimen and every three carbon steel (SPCC) specimens each of 
30mmx50mmx1mm were immersed in the chilled water pit of the cooling water 

15 subsystem, and it takes out and dried [ washed and ] 30 days aftenn/ard - after 
weighing was carried out and the corrosion rate was computed from the weight 
differences before and behind an examination.the tube of the heat exchanger was 
removed and it dried - after weighing was carried out and scaling speed was 
computed from the weight differences before and behind an examination. The 

20 permanent magnet installed the magnetic treatment unit which carried out the inner 
package of the permanent magnet so that it might become the magnetic flux density 
of one tesia in piping of the heat exchanger preceding paragraph. The solenoid coil 
type magnet wound the coil around the circumference of piping of the heat 
exchanger preceding paragraph so that it might become the magnetic flux density of 

25 one tesIa, and it sent current. The Al ion dissolving device was short-circuited via the 
variable resistor between an aluminum electrode and carbon electrodes, and it 
controlled resistance so that the current of 1 A flowed. 

Using a permanent magnet as an example 1 calcium-carbonate deposit means, as 

an anticorrosive for copper, 2-mercaptobenzothiazole was added so that the 
30 concentration in a circulating cooling water might serve as 1 mg/L, and the 
examination for 30 days was done. The corrosion rates of 0.2mdd (mg/dm^/day) and 
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carbon steel of the copper corrosion rate were 25mdd, and scaling speed was 
O.Smcm (mg/cm^/month). 

Using a solenoid coil type magnet as an example 2 calcium-carbonate deposit 
means, as an anticorrosive for copper, benzotriazol was added so that the 

5 concentration in a circulating cooling water might serve as 1 mg/L, and the 
examination for 30 days was done. The corrosion rates of 0.1 mdd and carbon steel 
of the copper corrosion rate were 23mdd, and scaling speed was 0.3mcm. 
Using an Al ion dissolving device as an example 3 calcium-carbonate deposit means, 
as an anticorrosive for copper, tollyltriazole was added so that the concentration in a 

10 circulating cooling water might serve as 1 mg/L, and the examination for 30 days was 
done. The corrosion rates of 0.1 mdd and carbon steel of the copper corrosion rate 
were 28mdd. and scaling speed was 0.1 mem. 

Using a permanent magnet as an example 4 calcium-carbonate deposit means, as 
an anticorrosive for iron, sodium molybdate was added so that the concentration in a 
15 circulating cooling water might serve as 3 mg/L, and the examination for 30 days was 
done. The corrosion rates of 1 .Omdd and carbon steel of the copper corrosion rate 

were 3mdd, and scaling speed was 0.4mcm. 

Using a solenoid coil type magnet as an example 5 calcium-carbonate deposit 
means, as an anticorrosive for iron, sodium tungstate was added so that the 

20 concentration in a circulating cooling water might serve as 3 mg/L, and the 
examination for 30 days was done. The corrosion rates of 1.1 mdd and carbon steel 
of the copper corrosion rate were 4mdd, and scaling speed was 0.3mcm. 
Using an Al ion dissolving device as an example 6 calcium-carbonate deposit means, 
as an anticorrosive for iron, sodium chromate was added so that the concentration in 

25 a circulating cooling water might serve as 3 mg/L, and the examination for 30 days 
was done. The corrosion rates of 0.9mdd and carbon steel of the copper corrosion 
rate were 3mdd, and scaling speed was 0.2mcm. 

Using a permanent magnet as an example 7 calcium-carbonate deposit means, as 
an anticorrosive for copper, benzotriazol so that the concentration in a circulating 
30 cooling water may serve as 1 mg/L, As an anticorrosive for iron, sodium molybdate 
was added so that the concentration in a circulating cooling water might serve as 3 
mg/L, and the examination for 30 days was done. The corrosion rates of 0.1 mdd and 
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carbon steel of the copper corrosion rate were 3mcld, and scaling speed was 
O.Smcm. 

Using a permanent magnet as an example 8 calcium-carbonate deposit means, as 
an anticorrosive for iron, right phosphoric acid was added so that the concentration in 
5 a circulating cooling water might sen/e as 3 mg/L, and the examination for 30 days 
was done. The corrosion rates of 1 .Omdd and carbon steel of the copper corrosion 
rate were 3mdd, and scaling speed was 15.0mcm. 

The examination for 30 days was done without adding an anticorrosive, using a 
permanent magnet as a comparative example 1 calcium-carbonate deposit means. 
10 The corrosion rates of 1.1 mdd and carbon steel of the copper corrosion rate were 
2gmdd. and scaling speed was 0.2mcm. 

The same operation as Example 8 was carried out without using comparative 
example 2 permanent magnet and right phosphoric acid. The corrosion rates of 
1.1 mdd and carbon steel of the copper corrosion rate were 30mdd, and scaling 
15 speed was 31.0mcm. The result of Examples 1-8 and the comparative examples 1-2 
is shown in the 1st table. 

[0008] [Table 1] 

20 [0009] In Examples 1-3 which added the anticorrosive for copper using the calcium 
carbonate deposit means, a copper corrosion rate is small and scaling speed is also 
small so that it may see in the 1st table. In Examples 4-6 which added the 
anticorrosive for iron using the calcium carbonate deposit means, the corrosion rate 
of carbon steel is small and scaling speed is also small. In Example 7 which added 

25 the anticorrosive for copper, and the anticorrosive for iron using the calcium 
carbonate deposit means, each corrosion rate of copper and carbon steel is small, 
and scaling speed is also small. On the other hand, in the comparative example 1 
which did not add an anticorrosive only using the calcium carbonate deposit means, 
although scaling speed Is small, each corrosion rate of copper and carbon steel is 

30 large. In Example 8 which added right phosphoric acid using the calcium carbonate 
deposit means, although the corrosion rate of carbon steel is small, scaling speed 
becomes comparatively large. This is considered because the scale prevention effect 
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by a calcium carbonate deposit means was not fully revealed when right phosphoric 
acid prevented the deposit of a scale, and as shown in the comparative example 2, 
as compared with Example 8, the scaling speed when not using a calcium carbonate 
deposit means and an anticorrosive, either is boiled markedly, and increases. 

5 

[0010] [Effect of the Invention] According to the water treatment process of this 
invention, even if it is a case where high concentration operation of the open 
circulating-cooling-water system is carried out, metaled corrosion and scale buildup 
can be prevented effectively simultaneously, over a long period of time, it is stabilized 
10 and an open circulating-cooling-water system can be operated. 



